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Histones

Histane tails

N

The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity.

Histone modification

A combination of different
molecules can attach to the ‘tails’
of proteins called histones. These
alter the activity of the DNA
wrapped around them.

Chromosome
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De novo methylation
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Maintenance methylation N
ATCGAATGCTGCGGA

Nature Reviews | Cancer
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(Thurman et al. (2012) Nature)

Transcription factor

expression

- ha a DNS metilacié egy
aktiv folyamat lenne, akkor a
metilacié mértéke egyes TF
kotéhelyeken fliggetlen
kellene legyen adott TF
koncentraciojatol

- ezzel szemben azt
tapasztaljuk, hogy minél
nagyobb egy TF expresszidja,
annal kevésbé metilalt a
specifikus kot6helye

- vagyis a metilacio egy
passziv folyamat ott zajlik le,
ahol a DNS-t nem kotik mas
faktorok



Shared DHS TKO-specific DHSs
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- Uj metilacié hatasara, ezek az NRF1 kotések eltlinnek

(Domcke et al. 2015 Nature)



Methylation-sensitive TF
such as NRF1
T

Methylation-insensitive TF
CpG island
DNMTs
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- a metilacid-szenzitiv TF-k kotése bekdvetkezhet a DNMT-funkcié csokkenése kovetkezményeben, vagy

metildcio-inszenzitiv TF-k kotésének hatdsara (amely lokalis demetilaciot indukalhat)

(Domcke et al. 2015 Nature)
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(Yin et al. 2017 Science)
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Nature Reviews | Neuroscience
(Ciernia and LaSalle 2016 Nat Rev Neurosci)



maintenance deaminase
suppression Shme activity?

passive active

- az 5mC-5hmC atalakulas az apai genom (passziv) demetilacidjanak kezdeti |épése is lehet a fejl6dés elején

- aktiv (Tet-fliggs) demetilacid jatszddik le a PGC-kben is

(Hackett and Surani 2012 Phil Trans Roy Soc B)



Embryo
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in primordial
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(Plasschaert and Bartolomei 2014 Development)



A Insulator model of imprinting: the H19//gf2 locus
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(Plasschaert and Bartolomei 2014 Development)
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WRITERS / ERASERS READERS

HATs o——
modomain
HDACs - proteins
DNMT; .
ol =1 MBD proteins
TETs =l Chromo-, Tudor- and PHD-
HMTs s domain proteins
B
HDMs
Condensed chromatin Relaxed chromatin
Inactive Promoter Active Promoter Transcription

@ Acetylated Lysine
® Methylated Lysine (H3K4m3)

© Unmethylated Cytosine (CpG)

o Deacetylated Lysine
a Methylated Lysine (H3K9m3)

® Methylated Cytosine (5mCpG)

HATs = histone acetyl
transferases

HDACs = histone
deacetylases

DNMTs = DNA
methyltransferases

TETs = ten-eleven
translocation enzymes

HMTs = histone methyl
transferases

HDMs = histone
demethylases

(Glant et al. 2014 BMC Medicine)



H3K4me3
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A Random model

B Semi-conservative model
Ba Dimer model

Bb Tetramer model

ﬁ Pre-existing H3
O Pre-existing H4
i Newly deposited H3 @ Newly deposited H4

§ Histone PTM A Histone
§ Histone PTM B chaperone

Nature Reviews | Genetics

(Margueron and Reinberg 2010 Nat Rev Gen)
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(Laprell et al. 2017 Science)



Epigenetikus hisztonmoédositasok oroklodése: a PcG

fehréjék szerepe
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(a) Model of DNA methytation directing histone methylation
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(Li (2002) Nat Rev Gen)
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(Ho et al., 2014 Nature)



ES cells
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Dynamic transcription
and recruitment of TrxG and |
PcG chromatin regulators
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(PcG = Polycomb Group Protein; TrxG = Trithorax Group Protein)

(Guenther and Young (2010) Science)
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INcRNS-ek funkcidja lehet a mas kromoszémakon levo gének

csendesitése (?)
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C57BL/6 (Li et al. (2013) Cell Rep) C57BL/6 x CBA

(Rinn et al. (2007) Cell)

(Amandio et al. (2016) PLOS Gen)

De: Denis Duboule csoportja kordbban a
teljes HoxC klasztert (benne a HOTAIR-t is)
kiGtotte és nem volt fenotipusos hatas. Hogy

lehet ez?



Adenine

6mA methyl- NH, 6mA
transferases N demethylases
NZ A\
H. sapiens | METTL4 k\ | TET1-3
N N
D. melanogaster CG14906 Deoxyribo:e DMAD
C. reinhardtii ParB-MTase H CH3 TET/JBP
N
E. coli Dam AlkB

N
Q

N
\

Deoxyribose

Prokariotakban a m6A metildcid a fontos (m5C nem ismert), a kdzelmultban azonban eukaridtakban is leirtak.

(Heyn and Esteller (2015) Cell
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- Chlamydomonas-ban a DNS linker régidjaban, a TSS kornyékéne taldlhato

(szemben az m5C-vel ami a gének belsejére jellemzé)

(Fu et al. (2015) Cell)
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- aposzttranszkripciés mdédositdsoknak az RNS stabilitasara (is) lehet hatdsa

(Li et al., 2017 Nat Meth)
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Zebrahal fejlédésben az m6A az anyai transzkriptumok stabilitasat
befolyasolja
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Az m6A a notch1 transzkriptumok stabilitasanak
szabalyozasaval a HSC populacié kialakulasat is befolyasolja
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(zhang et al., 2017 Nature)



H/ACA RNA - Substrate
(Yu and Meier, 2014 RNA Biology)

The ‘pseudouridylation’ complex The telomerase complex
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(Li et al., 2015 Nat Chem Bio)



Kozak sequence

6His

5’ - GG GCC ACC AUG UGC UGC CAC CAC CAC CAC CAC CAC UGC UGC UGC GAA CAG AAG UUG
M CCHMHMHMHMHMHOCCOCEQK L

Flag

AUU UCC GAA GAA GAC CUC GAG GAC UAC AAG GAC GAC GAC GAU AAG AUC UAG - &

b

ISEEDLELDYKDDDDKI

‘
SO
YAA @

U
C

—

(100%) )
(74 + 4%)

(0.5 = 0.4%)
-

> Anti-6His

> Anti-Flag

(Karijolich and Yu, 2011 Nature)



HN HNJIN\> - Az A-to-I RNS editalast ADAR (Adenosine deaminase
k T Pty acting on RNA) enzimek katalizaljak

HNT N
HO.
‘ .
OH Of'i‘
guanosine (@) GluR1 GIluR3 GluR2

N Na* Ca?®</Zn?-

(¢ A-to-| RNA editing w4 }

[ — = - v
/ Y

MATURATION ' 3 Ca?*-permeable AMPA receptors Ca?*-impermeable AMPA receptors
1001 PA 100 PA

Immature neuron Mature neuron et ]—’m\’ m%///

Nucleus Nucleus 4 T8 -40  -20 % 40 «Tv

-50
Rectifying I/V curve Linear I/V curve
TRENDS in Neurosciences

- GluR2 esetében az AMPA-receptor Ca?* permeabilitasa
valtozhat az editdlas eredményeként, ami a

y membranpotencidl dinamikdjaba szél bele
\ Cytoplasm j k Cytoplasm j P :

(Behm et al., 2017 J Cell Sci, Liu and Zukin, 2007 Trend Neurosci)




Pre-synaptic Post-synaptic
Cav1.3 Kv1.1 (KCNA 1) IONOTROPIC GLU-R GABA-A RECEPTOR 5HT2C RECEPTOR

. fast recovery from inactivation reduced Ca2* influx faster deactivation

decreased Ca2*-dependent inactivation decreased ER-exit  decreased stability : :
increased cellular Ca2* levels enhanced reactivation  reduced ER-exit Ll gl i

- szamos tovabbi ion-csatorna mikodését valtoztatja meg az RNS-editalas kdvetkeztében bekovetkezd
aminosav-csere

(Tarig and Jantsch, 2012 Frontiers in Neurosci)
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Fraction of modifications
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0
AC AG AT CA CG CT GA GC GT TA TC TG

0
AC AG AT CA CG CT GA GC GT TA TC TG

Modification type

- a Coleoid fejlabuakra jellemz6 az A-to-1 editalas

(Liscovitch-Brauer, 2017 Cell)



Sepia K,2.1 specific editing site

- a K,2 kalium-csatorna pl. gyorsabban zarul az editalas hatasara

40 mV

-80mV

0.06 WMMMMN | Synonymous
, e s . . 2 changes
- mivel a nagyszamu editalandé hely (editing- i Non-synonymous
3 0.04 changes
site) pozitiv szelekcié alatt van, ezek jelenléte 2 B ocictions
s
o
=

miatt a Fejldbuakban lelassul a genom evoluciés 35 %92 u
valtozasa 0

-200 0 200 -200 0 200
Distance from recoding site (bp) Distance from control site (bp)

(Liscovitch-Brauer, 2017 Cell)



Fa
Fy Germ line

Fo(female)

Multigenerational exposure Transgenerational

phenotype
Environmental factor

Fl+

Germ line

‘ ma|e)

Multigenerational exposure Transgenerational
phenotype

(Skinner, 2010 Nature)



a
Ectopic agouti expression "
A% 20000 > [
IAP S

80 5 o ,
% \{“ ‘\&‘kﬁ.«»}
Developmental agout expression
A7 00::0 ! E n Av/a

- Az Avy l6kusz egy retrotranszpozont hordoz, amibél tobb
ezer van a genomban, altalaban metilalt formaban.

- Devan néhany (pl az agouti promodterben levd), ami
metastabil

- Az Ot egér azonos allélkombinaciét hordoz, a kiilonbségek
epigenetikai eredetliek.

- Az agouti egerek nem csak vilagosak, de kdvérebbek is.
(Tobbfajta epigenetikai hatas.)

(Jirtle and Skinner, 2007 Nat Rev Gen)

a Dietary supplementation during pregnancy

Supplemented

Unsupplemented P) %

} !

b A”/a offspring
Unsupplemented mother Supplemented mother

s —
—~

P -

€ Agouti expression

Unsupplemented mother Supplemented mother
> [ >
0000 | eece |
IAP IAP
=g
Ectopic agouti expression Developmental agouti expressicn

Nature Reviews | Genetics




Sper cell

Kérdések:
- Hogy juthat el a konkrét szagrdl valoé informacié a
spermiumokba? (ldsd még Weissmann féle szoma-ivarvonal

szegregaciot.)

- Mennyire specifikus ez?

- Egy elvileg dinamikus metilacids valtozas, hogyan marad meg a
fejl6édés korai szakaszat kiséré demetilacios hullam alatt?

(Szyf, 2014 Nat Neurosci)
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- SET-25: hiszton metiltranszferaz, H3K9me3-ért felel

= e R B - egy hésokkolhato, tobbkdpids

bl |
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10

- h6sokk hatasara altalanos SET-25 gatlas torténik (igy mas
lokuszknal is tdbb generacid, amig visszaall az eredeti allapot)

(Klosin et al., 2017 Science)
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- az ez id6 alatt embrionalis fejl6édésben levé gyerekeben
feln6tként nagyobb a cukorbetegség, elhizas,
kardiovaszkularis betegségek, bizonyos pszichiatriai

problémadk gyakorisaga
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a gesztacio alatti éhezés az IGF2 gén DMR
régiojanak hipometilaltsagat okozza, ami hat
évtizeddel kés6bb is jelen van!

(Heijmans et al, 2008 PNAS)

(Aepyjeoy) uoney

(Aep/eoy) uoney

DE: F2-ben mar nincs szignifikans hatas

Table 2. Prevalence of F2 self-reported disease* according to F1

gender

F1 exposed F1 unexposed All
F2 of F1 men
n 52 99 151
Cardiovascular% 5.9 20 34
Pulmonary% 9.8 8.2 8.7
Hay fever% 19.6 306 26.8
Eczema% 255 245 248
Cholesterol% 0.0 20 1.3
Diabetes% 0.0 20 1.3
Hypertension% 39 20 2.7
F2 of F1 women
n 106 103 209
Cardiovascular% 1.9 40 3.0
Pulmonary% 49 5.0 49
Hay fever% 20.6 18.0 19.3
Eczema% 19.4 240 21.7
Cholesterol% 0.0 0.0 0.0
Dizbetes% 1.0 0.0 0.5
Hypertension% 39 5.0 44

*Defined as answering in the affirmative to questions phrased as

‘has a doctor ever diagnosed’ or ‘has a doctor ever prescribed

medication for" the different conditions.

(Veenendaal et al., 2013 BJOG)



- a “Nagy Ugras” eredményeképpen 30-55 millié
ember halhatott éhen

- ma egyedl a skizofrénia esetében

|atszik asszociac

.7

10

Events,

Report Events, controls (pre- and
number  Authors OR (95% CI) famine births  pest-famine births)
Overweght !
27 Waeng et al. 2010 - 1.04 (097, 1.12) 1565/056 4873112967
36 Guan et al. 2008 ———————— 0.40(0.22,0.74) 1774 83219
M-H Subtotal (l-squared = 89.3%, p = 0.002) % 1.03(0.96, 1.10) 158214130  4366/13186
D+L Subtotal 068 (0.27, 1.72)
Obesity
27 Wang et al. 2010 —— 0.94 (0.82, 1.07) 3104056 1050112967
35 Znao et & 2013 - 0.72(0.35, 1.50) 991 TEISTT
M-H Subtotal (l-squared = 0.0%, p = 0.480} <> 093 (0.82,1.06) 31904147 112613544
D+L Subtotal L 3 0.93 (0.82, 1.08)
Diabetes
3 Liets. 2010 — 058 (0.34,0.88) 151005 1766869
g Wang et al. 2015 — = 1.09 (0.86, 1.39) 86745 44373718
19 Xuets 2015 T—— 120 (0.94, 1.52) 100/664 298/2113
35 2nao et &, 2013 g 0.70(0.31,1.59) 7/81 611575
M-H Subtotal (l-squared = 57.9%, p = 0.068) e 1.04 (0.89, 1.21) 2272505 878/13276
D+L Subtotal o = 0.96 (0.73, 1.28)
Hypergiycemia
3 Lieta 2010 — 0.89 (0.65, 1.22) 4811312 280/6869
28 Liets. 2010 -— 130 (1.07, 1.59) 14122425 352/8004
35 Znao et &, 2013 " 069 (0.40, 1.18) 1881 1591575
36 Guan et al. 2008 059 (0.36,2.81) 674 150218
M-H Subtotal {l-squared = 59.4%, p = 0.061) b 110 (0.94, 1.28) 2133802 B16/15654
O+L Subtotal = b 0.99 (0.72, 1.36)
Hypertension
4 Lieta. 2014 — 0.70 (0.50, 0.83) 169/1005 1541/6859
6 Huang et al. 2010 - 094 (0.87,1.01) 11316914 2943117084
1 Chen et & 2013 - 1.05(0.79, 1.40) 85321 27911084
17 Wang et al. 2012 = 097 (0.86, 1.08) 40512911 1144/7998
19 Xuetal 2015 —— 1.06 (0.90, 1.28) 256/793 79712573
35 Znao et 2013 —1— 0.76 (0.46, 1.27) 2381 1760574
36 Guan et al. 2008 154 (0.63,3.76) 874 16219
M-H Subtotal (l-squared = §1.6%, p = 0.018) L% 093 (0.88,0.88) 2077112109 639636411
D+L Subtotal <> 0.93 (0.83, 1.04)
Metaboiic Syndrome
5 Liets. 2015 —— 0.90 (0.70, 1.16)  76/1005 57016863
10 Wang et al. 2015 —— 1.07{0.88, 1.31) 1521701 T16/3485
29 Guan et al. 2008 —— 1.18(1.05,1.33) 403/3650 1072111267
3 Zneng etal. 2012 1 1.14 (0.94, 1.37) 16711022 589/4018
M-H Subtotal (l-squared = 20.0%, p = 0.280) (<> 1.11(1.02,1.21) 7886378 2847725549
O+L Subtotal > 1.11 (1.00, 1.22)
Schizophrena -
14 Xu et . 2009 - 163(1.51,1.76) BOG/26579 32230823873
15 St Clar et al. 2005 —-— 154 (130, 1.72) 38330087 3481419982
M-H Subtotal {l-squared = 0.0%, p = 0.403) Lo 180 (1,80, 1.70) 1189/156666 5704/1243855
D+L Subtotal < 1.60 (1.50, 1.70)

I
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(Li and Lumney, 2017 Int J Epid)
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- ez egy kétgeneracios fura asszocidcio igazabdl nem tudjuk mi az oka, az
epigenetikai ok csak egy lehet6ség

(Pembrey et al , 2006 Eur J Hum Gen)



